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To explore the diversity of some DNA viruses in reptiles, a continuous 
screening is going on, in our laboratory, by PCR using different consensus prim-
ers designed for the detection of the most conserved genome regions of adeno-, 
herpes- and parvoviruses. The test material consists essentially of dead specimens 
collected randomly from private pet owners, local pet shops, or at occasional ex-
otic pet fairs. Here we report the partial sequence of a putative novel parvovirus 
obtained from a dead checkerboard worm lizard (Trogonophis wiegmanni) that 
had been wild-caught in its native habitat. An in-house-developed PCR with con-
sensus primers targeting the gene of the parvoviral capsid protein was used. Other 
PCRs, intended to detect certain large DNA viruses, remained negative. The se-
quence of the PCR product indicated the presence of a hitherto unknown parvovi-
rus in the internal organs of the checkerboard worm lizard. In phylogeny recon-
struction, the novel sequence clustered with the members of the Dependovirus ge-
nus of the Parvoririnae subfamily, closest to the branch of snake adeno-
associated virus. Since we could not demonstrate the presence of a potential 
helper virus, the putative amphisbaenian parvovirus supposedly can replicate 
autonomously. This is the first virus infection ever detected in any members of the 
suborder Amphisbaenia, and only the third parvoviral sequence obtained from any 
reptilian host. 
Key words: Amphisbaenia, autonomous replication, Dependovirus, PCR, 
reptile, Trogonophidae, worm lizard 
The genomic study of viruses occurring in lower vertebrates is a relatively 
new but rapidly progressing field that has been fuelled by the robust develop-
ment and widespread use of sensitive molecular detection methods recently. Dis-
tinct viral infections have been described in representatives of some species of 
almost every larger reptilian taxon. Among the few exceptions with no virus de-
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tection record are the order Rhynchocephalia and the group of Amphisbaenia 
(Essbauer and Ahne, 2001; Marschang, 2011). 
The suborder Amphisbaenia is a less-known group of fossorial squamate 
reptiles completely adapted to their hidden burrowing lifestyle (Kearney, 2003). 
Their position in reptile taxonomy is controversial in respect of morphology and 
phylogenetic issues. Analyses based on morphology suggest a common origin 
with other limbless squamate animals such as serpents and dibamids (Conrad, 
2008). On the other hand, according to molecular data, Amphisbaenia seems to 
be a monophyletic clade clustering with Old World terrestrial lizards, i.e. lacer-
tids (Townsend et al., 2004; Wiens et al., 2012). The checkerboard worm lizard 
(Trogonophis wiegmanni) lives along the North Western Mediterranean coast of 
Africa (including Morocco, Algeria and Tunisia), buried in the earth in sandy-
soiled habitats (Civantos et al., 2003). Less is known about the way of living and 
social life of these reptiles. Nonetheless, checkerboard worm lizards appear to 
have seasonal mating and parental care; this latter being a rather uncommon be-
haviour exhibited by members of the order Squamata (Martin et al., 2011). They 
are ovoviviparous, giving birth to two to five youngsters (Miras et al., 2009). 
According to the classification of the International Union for the Conservation of 
Nature (IUCN), the checkerboard worm lizard is listed as Least Concern in view 
of its wide distribution and tolerance of a broad range of habitats (Miras et al., 
2009). This species is not included in the Convention on International Trade in 
Endangered Species of Wild Fauna and Flora (CITES), i.e. the Washington Con-
vention either. 
As the popularity of reptiles as pets keeps increasing, our knowledge about 
their different diseases including viral infections becomes more and more com-
prehensive (Jacobson, 2007). Initially, the presence of several RNA and DNA vi-
ruses in different reptilian hosts was diagnosed essentially on the basis of light or 
electron microscopic histology findings, and successful virus isolation has been 
limited to a few occasions only. By histology, parvovirus-like particles were ob-
served and described in a bearded dragon (Pogona vitticeps) with concurrent ad-
enovirus (AdV) infection (Jacobson et al., 1996). A similar double infection by 
adenovirus and dependovirus in California mountain kingsnakes (Lampropeltis 
zonata multicincta) has been published more recently (Wozniak et al., 2000). A 
relatively early adenovirus isolation, from a captive corn snake (Pantherophis 
guttatus), was reported from Germany (Juhasz and Ahne, 1993). Other AdV iso-
lates, obtained from a royal python (Python regius) and from a boa constrictor 
(Boa constrictor) have been found to contain parvoviruses, too (Ogawa et al., 
1992). The complete genome sequence of the corn snake adenovirus isolate, 
named as snake adenovirus 1, has been published recently (Farkas et al., 2008). 
It seemed to be identical with the virus obtained from the python and the boa. 
The full sequence of the snake parvovirus, co-isolated with the python adenovi-
rus was published almost a decade ago (Farkas et al., 2004), yet ever since only 
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one partial sequence from an additional putative reptilian parvovirus, detected by 
PCR in an Indonesian pit viper (Parias hageni), has been described (Farkas and 
Gál, 2008). 
Members of the Parvoviridae family are small, non-enveloped particles of 
icosahedral symmetry. Their linear, single-stranded DNA genome (of 4–6.3 kb) 
contains two major ORFs coding for the replication or non-structural (NS) and for 
the capsid (VP) proteins. Parvoviruses occur in numerous vertebrate and inverte-
brate hosts. Accordingly, the family is divided into two subfamilies (Parvovirinae 
and Densovirinae), the former of which contains the parvoviruses of vertebrates. 
This subfamily comprises five genera at present. Based on phylogeny inference, 
the two snake parvoviruses had been proposed to belong to the Dependovirus ge-
nus, but they have not been approved yet as official species (Tijssen et al., 2011). 
The name of the genus reflects a deemed common feature of its members, i.e. their 
dependence on some helper viruses (usually adeno- or herpesviruses) for efficient 
replication. However, several parvoviruses, known to cause serious disease, name-
ly the so-called Derzsy’s disease in goose and Muscovy duck, are exceptions to 
this rule. These viruses are capable of autonomous replication in spite of their ge-
nome organisation and phylogenetic place showing them clearly to belong to the 
Dependovirus genus (Le Gall-Reculé and Jestin, 1994; Brown et al., 1995; Zádori 
et al., 1995). Nonetheless, parvoviruses in reptiles have been found with concomi-
tant adeno- or herpesvirus infection in all cases reported previously (Heldstab and 
Bestetti, 1984; Ahne and Scheinert, 1989; Jacobson et al., 1996; Wozniak et al., 
2000; Kim et al., 2002; Farkas and Gál, 2008). 
As no viruses at all have been described from any amphisbaenian hosts to 
date, our aim was to screen this group of squamate reptiles for the presence of 
different DNA viruses. However, amphisbaenians are neither too popular nor 
frequent in Hungary as well as in Europe, thus we were lucky to detect a novel 
putative virus in the very first specimen examined. 
 
 
Materials and methods 
The carcass of an adult (approx. 10 cm long) female checkerboard worm 
lizard (Trogonophis wiegmanni) was obtained from a Hungarian licensed collec-
tor. The animal had been wild-caught somewhere in North Africa, then sold at a 
reptile fair. It died unexpectedly without showing alarming disease signs. The 
carcass was slightly emaciated. Signs of autolysis were present due to the de-
layed discovery of death. For DNA extraction, small (15–25 mg) pieces from the 
internal organs (kidney, liver, lungs and intestine) were pooled and homoge-
nised. We did the DNA purification with the use of the DNeasy Blood and Tis-
sue Kit (Qiagen®, Hilden, Germany) according to the protocol recommended for 
animal tissues with an overnight incubation at 37 °C. 
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We subjected the sample to PCR screening for adenovirus, herpesvirus 
and parvovirus DNA. For the detection of adenoviruses, we used a nested PCR 
with consensus primers targeting the most conserved part of the DNA-dependent 
DNA polymerase gene as described by Wellehan et al. (2004). Amplification of 
the herpesviral DNA-polymerase gene fragment was attempted by another nested 
consensus PCR published by VanDevanter et al. (1996). Moreover, we also per-
formed a wider-range PCR described for the DNA polymerase gene of certain 
other large DNA viruses (Hanson et al., 2006). For parvovirus detection, we de-
signed a consensus (degenerate) primer pair based on the conserved amino acid 
(aa) motives found in the capsid protein (VP) of dependoviruses sequenced to 
date. The nucleotide (nt) sequences were 5’-GGYGCCGAKGGAGTGGGYAAT 
KCCTC-3’ for the forward and 5’-TCAAARTTRTTBCCBGTYCTYAGCAT-3’ 
for the reverse primer (we used the nt ambiguity codes recommended by the 
IUPAC). The calculated size of the expected specific product was around 600 
base pairs (bp). After an initial denaturing step at 92 °C for 5 min, the PCR pro-
gram consisted of 45 cycles of denaturation at 92 °C for 30 sec, annealing at 
46 °C for 60 sec and elongation at 72 °C for 60 sec. A final elongation step (at 
72 °C for 5 min) was added at the end. We run the reactions in 50 µl volume 
with the use of AmpliTaq Gold® DNA Polymerase (Life Technologies Corpora-
tion®, Carlsbad, CA, USA) according to the manufacturer’s recommendation. 
The PCR product was purified and sequenced directly by the PCR primers 
on both strands. We performed the sequencing reactions by using the BigDye® 
Terminator v3.1 Cycle Sequencing Kit (Life Technologies Corporation®, Carlsbad, 
CA, USA), and sent them for electrophoresis on an ABI PRISM 3100 Genetic 
Analyzer (Life Technologies Corporation®, Carlsbad, CA, USA) by a commer-
cial service. For identification and comparison of the newly obtained sequence 
with earlier published parvoviral sequences, we used the BLASTx and BLASTn 
tools at the NCBI website. 
Phylogenetic calculations were carried out essentially by a scheme de-
scribed in detail elsewhere (Doszpoly et al., 2013). We collected the protein se-
quences of the homologue region from 15 parvoviruses so that all the five pres-
ently approved genera of the subfamily Parvovirinae be represented. The corre-
sponding sequence of the Bombyx mori densovirus from the Iteravirus genus of 
the Densovirinae subfamily was selected as outgroup. A multiple alignment from 
these sequences, retrieved from the GenBank, was created using the Clustal X2 
algorithm (Larkin et al., 2007). Model selection was performed by the JModelTest 
0.1 package. We made a maximum likelihood analysis (WAG model with 100 
bootstrap runs applying TOPALi v2.5) and a Bayesian phylogeny inference 
(MrBayes, 4 runs for 1,000,000 generations, 100 for sample frequency, burn in: 
40%). For visualising the phylogenetic trees, we used the FigTree v1.3.1. 
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Results 
The eventual pathological alterations of the internal organs could not be 
assessed due to their progressed autolysis. All PCRs, aiming at the detection of 
adenoviruses, herpesviruses, or any other large DNA viruses, remained negative. 
The only positive reaction was obtained by the PCR targeting parvoviruses. The 
nt sequence determined from the VP gene of the putative novel parvovirus pre-
sent in the sample of the checkerboard worm lizard consisted of 538 bp after re-
moval of the primer sequences. The deduced aa sequence, used for the align-
ments, contained 179 residues. The G+C content (48.64%) was found to be bal-
anced. We deposited the sequence in the GenBank database under accession 
number KF289390. 
In the BLASTn application, the newly determined sequence showed the 
highest score (77% nt identity) with the corresponding gene fragment of the 
snake parvovirus 1 (Farkas et al., 2004). According to the BLASTx results, the 
snake and amphisbaenian parvoviruses shared 83% aa sequence identity. In the 
phylogeny reconstructions, the new putative amphisbaenian parvovirus appeared 
as a separate branch among the members of the Dependovirus genus within the 
Parvovirinae subfamily. The monophyletic status of the two reptilian parvovi-
ruses was strongly supported by the high bootstrap (98) and posterior probability 
(0.99) values. Since there was no significant difference between the topology of 
the trees obtained by the different inference methods, only the maximum likeli-
hood tree is presented (Fig. 1). 
 
Discussion 
The occurrence of members of a large variety of different virus families in 
reptiles has been described in the past 30 years, yet the number of reptilian vi-
ruses with partial or complete genome sequences is still rather limited (Jacobson, 
2007; Marschang, 2011). This is especially true for parvoviruses, sequence data 
from which have been reported only from snakes to date. The snake adeno-
associated virus, co-isolated with snake adenovirus 1 from a royal python (Oga-
wa et al., 1992) is still the only reptilian parvovirus with a fully-sequenced ge-
nome (Farkas et al., 2004). A paper reporting partial sequences from a second 
putative reptilian parvovirus, detected in a captive Indonesian pit viper, was pub-
lished more recently (Farkas and Gál, 2008). These authors determined the se-
quence of an approximately 1300-bp PCR fragment, containing the carboxyl 
terminal part of the NS and the amino-terminal fragment of the VP gene. Unfor-
tunately, this fragment does not overlap with the sequence determined by us, thus 
the direct comparison of our amphisbaenian parvovirus with the proposed snake 
adeno-associated virus 2 was impossible. Nonetheless, our results provide the 
first evidence for the presence of a parvovirus in a non-serpent squamate reptile. 
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Fig. 1. Phylogenetic tree reconstruction based on maximum likelihood analysis (WAG model  
with 100 bootstrap runs) of a 179-amino acid-long fragment from the major capsid protein VP of  
parvoviruses. All accepted genera of subfamily Parvovirinae are represented. A member of the  
Iteravirus genus from the subfamily Densovirinae (infecting arthropods) was used for rooting the 
tree. The novel amphisbaenian parvovirus (highlighted in bold) clustered in the Dependovirus  
genus as the closest relative of snake parvovirus 1. AAV: adeno-associated virus 
 
The phylogenetic analyses indicated the newly recognised amphisbaenian 
parvovirus to be unequivocally a member of the genus Dependovirus. In spite of 
the name referring to the dependence of most members on helper viruses, this 
genus also contains a couple of viruses, namely the goose and duck parvoviruses 
that are capable of replicating autonomously (Le Gall-Reculé and Jestin, 1994; 
Brown et al., 1995; Zádori et al., 1995). The other avian and mammalian parvo-
viruses, classified into this genus, are strictly dependent on helpers. Both snake 
parvoviruses have been found with concomitant adenovirus infection (Farkas et 
al., 2004; Jacobson, 2007; Farkas and Gál, 2008), and their ability for eventual 
autonomous replication has not been tested. The present paper contains the first 
description of a case when the occurrence of a parvovirus in a reptilian host 
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could be demonstrated without the detection of any helper (large DNA) virus. 
The negative result obtained with the wide-range PCR method excluded the 
presence of iridoviruses as well (Hanson et al., 2006). These findings suggest 
that autonomous replication of certain parvoviruses that are genetically closely 
related to members of the genus Dependovirus may occur in reptiles as well as in 
other diapsids. Further investigations including experimental work on virus rep-
lication in tissue culture are required to confirm this observation. 
Although the gene fragment, amplified and analysed in this study, is 
slightly short for resolving intra-generic evolution of parvoviruses unambigu-
ously or for studying the signs of co-evolution of dependoviruses with their ver-
tebrate hosts, a strong monophyly of parvoviruses originating from the reptilian 
hosts could be observed (Fig. 1). For sound results, the analysis of longer gene 
fragments or preferably full genome sequences from additional viruses from 
more diapsid hosts would be needed. 
Similarly, it would be essential to acquire information on the virulence and 
pathogenicity of the reptilian parvoviruses. The PCR system that we developed 
for this study seems to be suitable for routine screening of reptilian samples for 
parvoviruses. 
As the evolution and physiology of the Amphisbaenia is still an intriguing 
issue for herpetology, getting to know their parasites, including viruses, can open 
a new perspective. The apparent social behaviour and parental care detected in 
this species could also affect the ecology and evolution of its pathogens as well. 
We plan to collect more samples from these fossorial reptiles and continue the 
exploration of viruses that may occur in such hosts. 
 
 
Acknowledgement 
The authors gratefully acknowledge the financial support provided by the Hungar-
ian Scientific Research Fund (OTKA grant K100163).  
 
 
References 
Ahne, W. and Scheinert, P. (1989): Reptilian viruses: isolation of parvovirus-like particles from 
corn snake Elaphe guttata (Colubridae). J. Vet. Med. 36, 409–412. 
Brown, K. E., Green, S. W. and Young, N. S. (1995): Goose parvovirus – an autonomous member 
of the dependovirus genus? Virology 210, 283–291. 
Civantos, E., Martin, J. and Lopez, P. (2003): Fossorial life constrains microhabitat selection of the 
amphisbaenian Trogonophis wiegmanni. Can. J. Zool. 81, 1839–1844. 
Conrad, J. L. (2008): Phylogeny and systematics of Squamata (Reptilia) based on morphology. 
Bull. Am. Mus. Nat. Hist. 310, 1–182. 
 NOVEL PARVOVIRUS FROM AN AMPHISBAENIAN 291 
Acta Veterinaria Hungarica 62, 2014 
Doszpoly, A., Wellehan, J. F. X., Childress, A. L., Tarjan, Z. L., Kovacs, E. R., Harrach, B. and 
Benkő, M. (2013): Partial characterization of a new adenovirus lineage discovered in testu-
dinoid turtles. Infect. Genet. Evol. 17, 106–112. 
Essbauer, S. and Ahne, W. (2001): Viruses of lower vertebrates. J. Vet. Med. B Infect. Dis. Vet. 
Public Health 48, 403–475. 
Farkas, S. L. and Gál, J. (2008): First Hungarian report of inclusion body hepatitis associated with 
adenovirus and secondary parvovirus infection in an Indonesian pit viper [Parias (Tri-
meresurus) hageni] [in Hungarian, with English abstract]. Magyar Állatorvosok Lapja 130, 
775–761. 
Farkas, S. L., Harrach, B. and Benkő, M. (2008): Completion of the genome analysis of snake ade-
novirus type 1, a representative of the reptilian lineage within the novel genus Atadenovi-
rus. Virus Res. 132, 132–139. 
Farkas, S. L., Zádori, Z., Benkő, M., Essbauer, S., Harrach, B. and Tijssen, P. (2004): A parvovirus 
isolated from royal python (Python regius) is a member of the genus Dependovirus. J. Gen. 
Virol. 85, 555–561. 
Hanson, L. A., Rudis, M. R., Vasquez-Lee, M. and Montgomery, R. D. (2006): A broadly applica-
ble method to characterize large DNA viruses and adenoviruses based on the DNA poly-
merase gene. Virol. J. 11, 3–28. 
Heldstab, A. and Bestetti, G. (1984): Virus associated gastrointestinal disease in snakes. J. Zoo 
Wildl. Med. 15, 118–128. 
Jacobson, E. R. (2007): Viruses and viral diseases of reptiles. In: Jacobson, E. R. (ed.) Infectious 
Diseases and Pathology of Reptiles. CRC Press, Taylor and Francis Group, Boca Raton, 
FL, USA. pp. 395–460. 
Jacobson, E. R., Kopit, W., Kennedy, F. A. and Funk, R. S. (1996): Coinfection of a bearded dragon, 
Pogona vitticeps, with adenovirus- and dependo-like viruses. Vet. Pathol. 33, 343–346. 
Juhasz, A. and Ahne, W. (1993): Physicochemical properties and cytopathogenicity of an adenovi-
rus-like agent isolated from corn snake (Elaphe guttata). Arch. Virol. 130, 429–439. 
Kearney, M. (2003): Systematics of the Amphisbaenia (Lepidosauria: Squamata) based on mor-
phological evidence from recent and fossil forms. Herpetol. Monog. 17, 1–74. 
Kim, D. Y., Mitchell, M. A., Bauer, R. W., Poston, R. and Cho, D. Y. (2002): An outbreak of ade-
noviral infection in inland bearded dragons (Pogona vitticeps) coinfected with dependovi-
rus and coccidial protozoa (Isospora sp.). J. Vet. Diagn. Invest. 14, 332–334. 
Larkin, M. A., Blackshields, G., Brown, N. P., Chenna, R., McGettigan, P. A., McWilliam, H., 
Valentin, F., Wallace, I. M., Wilm, A., Lopez, R., Thompson, J. D., Gibson, T. J. and Hig-
gins, D. G. (2007): Clustal W and Clustal X version 2.0. Bioinformatics 23, 2947–2948. 
Le Gall-Reculé, G. and Jestin, V. (1994): Biochemical and genomic characterization of Muscovy 
duck parvovirus. Arch. Virol. 139, 121–131. 
Marschang, R. E. (2011): Viruses infecting reptiles. Viruses 11, 2087–2126. 
Martín, J., Polo-Cavia, N., Gonzalo, A., López, P. and Civantos, E. (2011): Social aggregation be-
haviour in the North African amphisbaenian Trogonophis wiegmanni. Afr. J. Herpetol. 60, 
171–176. 
Miras, J. A. M., Joger, U., Pleguezuelos, J., Slimani, T. and Martínez-Solano, I. (2009): Trogono-
phis wiegmanni. In: IUCN 2013. IUCN Red List of Threatened Species. Version 2013.2. 
www.iucnredlist.org 
Ogawa, M., Ahne, W. and Essbauer, S. (1992): Reptilian viruses: adenovirus-like agent isolated 
from royal python (Python regius). Zentralbl. Veterinarmed. B 39, 732–736. 
Tijssen, P., Agbandje-McKenna, M., Almendral, J. M., Bergoin, M., Flegel, T. W., Hedman, K., 
Kleinschmidt, J., Li, Y., Pintel, D. J. and Tattersall, P. (2011): Parvoviridae. In: King, A. 
M. Q., Lefkowitz, E., Adams, M. J. and Carstens, E. B. (eds) Virus Taxonomy: Ninth Re-
port of the International Committee on Taxonomy of Viruses. Elsevier, USA. pp. 405–425. 
292 PÉNZES and BENKŐ 
Acta Veterinaria Hungarica 62, 2014 
Townsend, T., Larson, A., Louis, E. and Macey, J. R. (2004): Molecular phylogenetics of squa-
mata: the position of snakes, amphisbaenians, and dibamids, and the root of the squamate 
tree. Syst. Biol. 53, 735–757. 
VanDevanter, D. R., Warrener, P., Bennett, L., Schultz, E. R., Coulter, S., Garber, R. L. and Rose, 
T. M. (1996): Detection and analysis of diverse herpesviral species by consensus primer 
PCR. J. Clin. Microbiol. 34, 1666–1671. 
Wellehan, J. F. X., Johnson, A. J., Harrach, B., Benkő, M., Pessier, A. P., Johnson, C. M., Garner, 
M. M., Childress, A. and Jacobson, E. R. (2004): Detection and analysis of six lizard ade-
noviruses by consensus primer PCR provides further evidence of a reptilian origin for the 
atadenoviruses. J. Virol. 78, 13366–13369. 
Wiens, J. J., Hutter, C. R., Mulcahy, D. G., Noonan, B. P., Townsend, T. M., Sites, J. W. and 
Reeder, T. W. (2012): Resolving the phylogeny of lizards and snakes (Squamata) with ex-
tensive sampling of genes and species. Biol. Letters 8, 1043–1046. 
Wozniak, E. J., DeNardo, D. F., Brewer, A., Wong, V. and Tarara, R. P. (2000): Identification of 
adenovirus- and dependovirus-like agents in an outbreak of fatal gastroenteritis in captive 
born California mountain kingsnakes, Lampropeltis zonata multicincta. J. Herpetol. Med. 
Surg. 10, 4–7. 
Zádori, Z., Stefancsik, R., Rauch, T. and Kisary, J. (1995): Analysis of the complete nucleotide se-
quences of goose and Muscovy duck parvoviruses indicates common ancestral origin with 
adeno-associated virus 2. Virology 212, 562–573. 
 
 
